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IdentiJication of anaerobic bacteria was made on the basis of bacterial morphology in gram-stained smears prepared from colonies on blood agar and from cooked-meat glucose cultures, phase-contrast microscopy (Wren, 1977) , fermentation patterns (Holdeman and Moore, 1973) , antibiogram patterns (Sutter et al., 1975; Wren, Eldon and Dakin, 1977) and, in the latter part of this study, gas-liquid chromatography.
Gas-liquid chromatography (GLC) analysis of short-chain fatty acids produced as end products of metabolism was done on 48-h cultures in cooked-meat glucose medium with a Pye series 104 chromatograph with flame-ionisation detectors. The columns were packed with either Chromosorb 101 or Carbowax 20 M-TPA on Gaschrom Q. Peaks were identified by comparison with known standards. Fatty acids were extracted by the method of Holdeman and Moore (1973) .
IdentiJication of aerobic bacteria was by standard methods (Cowan, 1974) .
RESULTS
The origins of the 86 specimens examined are listed in table I. When examined by the methods described here, 52 of the samples yielded a mixture of aerobes and anaerobes while the remainder yielded only anaerobes and in five of these a pure culture of a single anaerobe. When both systems were used, a total of 76 aerobic and facultatively anaerobic bacteria were isolated together with 279 strict anaerobes. The aerobic bacteria were: Escherichia coli 33 strains, Klebsiella aerogenes 13, K . oxytoca 2, Proteus mirabilis 1 1, P. morgani 2, P. vulgaris 4, Cibrobacter freundi 6, Serratia marcescens 3, Aeromonas hydrophila 1 and Pseudomonas aeruginosa 1. The anaerobic bacteria that were isolated are listed in table 11. Anaerobic gram-negative rods accounted for 54.1%, anaerobic cocci for 3 1.9% and gram-positive rods for 14.0% of the total anaerobic flora. 
Anaerobic gram-negative rods
A total of 98 anaerobic gram-negative rods were isolated by the CONV system and 90 of these were isolated within 48 h. In contrast the FEH system yielded 15 1 strains and 126 of these were detectable at the initial 48-h reading. Closer inspection of the species within this group shows that the majority required at least 48 h before becoming visible on plating media. This was true for all fusobacteria, Bacteroides melaninogenicus, B. corrodens and other members of the genus Bacteroides. Thus, nine of 48 strains of B. fragilis required incubation for at least 48 h and three of these required the full 5 days of incubation. Of particular significance was the requirement for 48-h incubation by two-thirds of fusobacteria, while the remainder required incubation for 5 days.
Anaerobic cocci
By the CONV system 53 anaerobic cocci were isolated and 52 of these were found at 48 h; by the FEH system 75 strains were isolated at the initial 48-h examination and another 14 strains on the 5th day. Though most anaerobic cocci were isolated within 48 h, only 58.3% of Veillonella strains were isolated by this time.
Gram-positive rods
Only seven strains of clostridia were isolated and both systems yielded all seven-six strains within 48 h and one after 5 days. The CONV system yielded nine of 11 strains of non-sporing gram-positive rods within 48 h while the FEH system yielded 21 strains at 48 h and another 1 1 after 5 days; of these strains, 16 were members of the genus Propionibacterium.
Comparison of CONV and FEH systems (table III)
From both incubation systems a total of 279 anaerobes were isolated. However, only 169 (60.6%) of these strains were isolated by the C O W system even after incubation for 5 days. Extension of the initial incubation period to 48 h yielded an additional 110 strains (39.4%) from the same group of specimens.
DISCUSSION
Major problems associated with the isolation of anaerobic bacteria from clinical specimens are that these organisms are highly susceptible to oxygen during the early stages of growth (Smith, 1975) , and that they grow slowly.
Factors affecting the isolation of anaerobes may be the presence of antimicrobial agents in the specimen, exposure of the specimen to atmospheric oxygen during collection and transport, overgrowth of aerobes and facultative aerobes, and desiccation especially if the specimen is received on a swab. Earlier studies in this laboratory have shown that unbroken primary incubation for 48 h may be an important phase in the cultural process (Wren, et al., 1977a; Wren, 1977 ). The present study shows that only 29% of the cultivable anaerobic flora in a group of specimens can be isolated after incubation for 24 h and 60% after 48 h by the CONV system. Extension of the primary incubation to 48 h allowed isolation of 81.7% of anaerobes at the first examination. This lends support to the findings of the earlier studies that the incubation of anaerobicplates for an unbroken 48 h is of value. Although the majority of anaerobic strains may be isolated in 48 h, incubation for a total of 5 days is still necessary for the isolation of certain gram-negative anaerobes and the nonsporing gram-positive rods. Throughout the range of non-sporing anaerobic genera, isolation rates are improved by prolongation of primary incubation.
The premature opening of anaerobic jars in the C O W system resulted in the loss of 40% of the total anaerobic flora, this loss being greater for some genera than for others; such organisms may be more easily damaged by oxygen and prolonged incubation may be necessary for their "resuscitation" and initiation of growth. Alternatively the developing colonies of such strains may be more sensitive to early exposure to oxygen.
These findings have important clinical implications because in the case of eight patients who provided specimens for this study a bacteriological misdiagnosis, indeed in five cases no bacteriological diagnosis at all, would have been made had the CONV system been used alone. In these eight cases anaerobic bacteria could be isolated only by the FEH system. Of particular importance was the presence of clinically significant anaerobes, such as B, fragilis, in pure culture in three of these cases, and fusobacteria in pure culture in two cases and as the predominant organism in another two (table IV). Although derived from only a small number of patients, these results have far-reaching implications because the majority of these isolates were from abdominal sites, which are known to be those most often leading to anaerobic septicaemia (Sonnenwirth, 1974a; Wren, et al., 1977) . These patients would have received or continued to receive inadequate therapy had the results of only the C O W system been available.
The conclusions to be drawn from these results are that the yield of anaerobic bacteria from clinical specimens is more representative of the bacterial flora in the original lesion when the initial period of incubation of primary anaerobic plates is extended to 48 h. This appears to reduce the effects of adverse environmental factors on the specimen. Many anaerobic species will not be isolated on media that are examined prematurely, and this may lead to a misleading bacteriological diagnosis or failure of diagnosis altogether.
SUMMARY
The value of prolonged primary anaerobic incubation for the isolation of anaerobic bacteria from clinical material was assessed by comparison of two incubation systems. Continuous incubation of primary anaerobic plates for 48 h was superior to conventional methods in that more anaerobes were isolated. The results indicate that in some cases prolonged incubation may be the only method of achieving the correct bacteriological diagnosis, particularly when relatively oxygen-sensitive strains are involved or when organisms may be damaged by exposure to oxygen during transport.
Use of extended primary incubation provides a clearer picture of the microbial flora of the original lesion and reveals that some anaerobic genera may be more commonly involved than is at present recognised.
